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(57)Abstract: 

PROBLEM to BE SOLVED: To obtain a high quality 
semiconductor crystal which is free from cracks and has a low 
dislocation density. 

SOLUTION: Hydrogen ions (H+) are implanted into an Si(111) 
substrate (ground substrate) 10 in a dose amount of 1 x 
1016/cm2 at nearly ordinary temperature with an energy of 10 
keV acceleration voltage. Thereby, an ion injected layer having 
locally high ionic concentration is formed over an area to a 
depth (h) of about 100 nm from the ion injected surface. 
Further, a buffer layer 20 of AIGaN having a thickness of about 
300 nm is grown on the ion implanted surface of the Si 
substrate 10, and a GaN layer 30 being an objective 
semiconductor crystal and having a thickness of about 200 p.m 
is grown on the buffer layer 20. During this crystal growth 
process, the Si substrate 10 gradually fractures with the ion 
implanted layer as the boundary, and, finally, the Si substrate 10 
separates into a thin film part 1 1 having a thickness of about 
1 00 nm and a main part of the substrate 1 0. It is possible to 
obtain the GaN single crystal having excellent crystallinity and 

free from cracks by the aforementioned method for producing the semiconductor crystal. 
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♦ NOTICES* \ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated 



CLAIMS 



[Claim(s)] 

[Claim 1] The crystal-growth method of the semiconductor which is the crystal-growth method of a 
semiconductor to which the crystal growth of the semiconductor matter with which the aforementionec 
ground substrate is different from each other is carried out at a ground substrate top. and is 
characterized by pouring in ion from the crystal-growth side of the aforementioned ground substrate 
before starting the aforementioned crystal growth. 

[Claim 2] The crystal-growth method of the semiconductor according to claim 1 characterized by 
making a part or all of the aforementioned ground substrate fracture the aforementioned ground 
substrate a temperature up or by lowering the temperature after the aforementioned crystal growth. 
[Claim 3] The crystal-growth method of the semiconductor according to claim 1 or 2 characterized by 
pouring the aforementioned ion into a depth of less than 20 micrometers from the aforementioned 
crystal-growth side. 

[Claim 4] The crystal-growth method of a semiconductor given in any 1 term of the claim 1 to which the 
aforementioned ion is characterized by being a hydrogen ion (H+) or helium ion (helium+), or a claim 3. 
[Claim 5] The crystal-growth method of a semiconductor given in any 1 term of the claim 1 
characterized by making injection rate per [ to the aforementioned crystal-growth side of the 
aforementioned ion ] unit area below into 1x1020 [/cm2] more than 1x1015 [/cm2], or a claim 4. 
[Claim 6] The crystal-growth method of a semiconductor given in any 1 term of the claim 1 
characterized by using the aforementioned ground substrate as silicon (Si), sapphire (aluminum 203), 
carbonization silicon (SiC). a gallium arsenide (GaAs), a zinc oxide (ZnO), oxidization gallium neodymium 
(NdGa03), an oxidization gallium lithium (LiGa02), or aluminum-oxide magnesium (MgAI 204), or a claim 
5. 

[Claim 7] The aforementioned semiconductor matter The crystal-growth method of a semiconductor 
given in any 1 term of the claim 1 characterized by considering as an III group nitride system compound 
semiconductor, or a claim 6. 

[Claim 8] The crystal-growth method of a semiconductor given in any 1 term of the claim 1 
characterized by heat-treating the aforementioned crystal-growth side of the aforementioned ground 
substrate before the start of the aforementioned crystal growth after pouring of the aforementioned ion, 
or a claim 7. 

[Claim 9] The semiconductor light emitting device characterized by having at least the aforementioned 
semiconducting crystal manufactured by any 1 term of a claim 1 or a claim 8 using the manufacture 
method of a publication as a crystal-growth substrate. 

[Claim 1 0] The semiconductor light emitting device characterized by what was manufactured by the 
crystal growth which used at least the aforementioned semiconducting crystal manufactured by any 1 
term of a claim 1 or a claim 8 using the manufacture method of a publication as a crystal-growth 
substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the "crystal-growth method of 
a semiconductor" of carrying out the crystal growth of the semiconductor matter which is different 
from each other to the ground substrate on a ground substrate, and obtaining a semiconducting crystal. 
[0002] 

[Description of the Prior Art] If the crystal growth of the gallium nitride (GaN) is carried out on a silicon 
substrate and it cools to ordinary temperature after that so that it may illustrate to drawing 4 , general^ 
it is known that many transposition and cracks will go into a GaN growth phase. Thus, when many 
transposition and cracks went into the growth phase and a device is produced on it, it becomes the 
cause which brings a result which many a lattice defect, transposition, deformation, cracks, etc. 
produce, and causes degradation of a device property into a device. Moreover, a silicon (Si) substrate is 
removed, and when it is going to leave only a growth phase and is going to obtain the independent 
substrate, the thing of a large area (more than 1 cm2) cannot be easily obtained by operation of the 
above-mentioned transposition, a crack, etc. 

[0003] Then, as a means to obtain a good semiconducting crystal, for example by such the so-called 
hetero-epitaxial growth, the following measures have been taken from before. 
(Conventional means 1) A low-temperature deposition buffer coat is formed on a substrate. For 
example, AlGaN. AIN and GaN, or AlGalnN etc. It is the method of forming the so-called buffer layer 
which is made to deposit an III group nitride semiconductor at low temperature, and eases the internal 
stress based on a lattice constant difference. 

[0004] (Conventional means 2) A lattice constant chooses a near material as the target semiconducting 
crystal as a material of a crystal-growth substrate. For example, in making the gallium nitride (GaN) of a 
single crystal into the target semiconducting crystal, it chooses carbonization silicon (SiC) as a material > 
of a crystal-growth substrate. 
[0005] 

[Problem(s) to be Solved by the Invention] 

[0006] However, even if it uses a buffer layer, the stress produced between the target semiconducting 
crystal and a substrate cannot fully be eased. That is, though the above buffer layers use a GaN low- 
temperature deposition buffer coat in case they can ease a part of stress, for example, carry out the 
crystal growth of the gallium nitride (GaN) on a sapphire substrate, most number of defects generate 
them in the target semiconducting crystal (gallium-nitride layer). 

[0007] Moreover, when using the substrate which has a lattice constant near the target semiconducting 
crystal, even if it can ease the stress resulting from a lattice constant difference, it will be difficult to 
ease the stress based on a coefficient-of-thermal-expansion difference, and most number of defects 
will occur in the target semiconducting crystal (gallium-nitride layer) at the time of the temperature fall 
after a crystal growth etc. Moreover, a crack is also generated and the semiconducting crystal of the 
independent large area is hard to be obtained. 

[0008] It is that accomplish this invention in order to solve the above-mentioned technical problem, and 
the purpose does not have a crack, and the density of transposition obtains the semiconducting crystal 
of low high quality. 
[0009] 

[Means for Solving the Problem] The following meanses are effective in order to solve the above- 
mentioned technical problem. That is, the 1st means is that the ground substrate pours in ion from the 
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crystal-growth side of a ground substrate on a ground substrate before starting a crystal growth in th' 
crystal-growth procedure of the semiconductor to which the crystal growth of the semiconductor 
matter which is different from each other is carried out 

[0010] Moreover, the 2nd means is making a part or all of a ground substrate fracture a ground 
substrate a temperature up or by lowering the temperature after the above-mentioned crystal growth 
the 1 st above-mentioned means. 

[0011] Moreover, the 3rd means is pouring ion into a depth of less than 20 micrometers from a crystal- 
growth side in the above 1 st or the 2nd means. 

[0012] Moreover, the 4th means is using a hydrogen ion (H+) or helium ion (helium+) in any the above 
1st or 3rd one means as ion to pour in. 

[0013] Moreover, the 5th means is setting injection rate per [ to the crystal-growth side of ion ] unit 
area to "1x1015 [/cm2] ~ 1x1020[ / cm2]" in any the above 1st or 4th one means. 
[0014] Moreover the 6th means is set for any the above 1st or 5th one means. As a material of the 
above-mentioned ground substrate, silicon (Si), sapphire (aluminum 203), It is choosing carbonization 
silicon (SiC), a gallium arsenide (GaAsX a zinc oxide (ZnO). oxidization gallium neodymium (NdGa03), an 
oxidization gallium lithium (LiGa02). or aluminum-oxide magnesium (MgAI 204). 
[0015] Moreover, it sets for any the above 1st or 6th one means, and the 7th means is the above- 
mentioned semiconductor matter. It is considering as an III group nitride system compound 
semiconductor. 

[0016] however, to general "III group nitride system compound semiconductor" said here The 
semiconductor of the arbitrary mixed-crystal ratios expressed with 2 yuan, 3 yuan, or 4 yuan the 
general formula which "Alx Gay In (1-x^y) N (0<=x<=1. 0<=y<=1. 0 <=x+y<=1) N" Changes is contained. 
Furthermore, also let the semiconductor with which the minute amount of the grade which hardly 
influences these composition ratios x, y, etc.. little p type, or the n type impurity was added be the 
criteria of the "111 group nitride system compound semiconductor" of this specification, therefore, for 
example, a 2 yuan system — or the case of the "III group nitride system compound semiconductor" of i 
3 yuan system — AIN, GaN, and InN — or AIGaN of an arbitrary or suitable mixed-crystal ratio. AlInN, 
GaInN, etc. cannot be overemphasized. The semiconductor with which the minute amount of the grade 
which hardly influences the composition ratio of these various semiconductors, little p type, or the n 
type impurity was added is also contained in the "III group nitride system compound semiconductor" of 
this specification. 

[0017] Furthermore, the above Let the semiconductor which replaced the part of the III group elements 
(aluminum. Ga. In) with boron (B), the thallium (Tl), etc.. or replaced some nitrogen (N) by Lynn (P), 
arsenic (As), antimony (Sb). the bismuth (Bi). etc. be the criteria of the "III group nitride system 
compound semiconductor" of this specification, moreover — as the impurity of the above-mentioned p 
type — magnesium (Mg) — or calcium (calcium) etc. can be added Moreover, as an impurity of the 
above-mentioned n type, silicon (Si), sulfur (S), a selenium (Se). a tellurium (Te) or germanium 
(germanium), etc. can be added, for example. Moreover, these impurities may add two or more elements 
simultaneously, and may add both molds (p type and n type) simultaneously. 

[0018] Moreover, the means of the octavus is heat-treating a ground substrate before the start of a 
crystal growth after pouring of ion in any the above 1 st or 7th one means. 

[001 9] Moreover, the 9th means is having at least the semiconducting crystal manufactured by any one 
means of the above-mentioned 1st or the above-mentioned octavus as a crystal-growth substrate in a 
semiconductor light emitting device. 

[0020] Moreover, the 10th means is manufacturing the target semiconductor light emitting device by the 
crystal growth which used at least the semiconducting crystal manufactured by any one means of the 
above-mentioned 1st or the above-mentioned octavus as a crystal-growth substrate. The 
aforementioned technical problem is solvable with the above means. 
[0021] 

[Function and Effect(s) of the Invention] the depth from the front face (ion-implantation side) of a 
ground substrate where ion will be poured in if it crosses all over the front face (ion-implantation side) 
of a ground substrate where ion is poured in. acceleration voltage of ion is made into the same level and 
the acceleration voltage is maintained fixed time — abbreviation — it is maintained uniformly namely, 
the acceleration voltage of the above [ the depth (depth / of the maximum density / h) to which ion 
density becomes the highest according to such an ion implantation ] — abbreviation proportionality — 
carrying out — the whole surface of this ion-implantation side — crossing — abbreviation — it 
becomes uniform Hereafter, the layer to which the ion density near the "depth [ of the maximum 
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density ] 1i ' is high locally is called "ion-implantation layer." Moreover, a mainly physical change of sta 
[ evaporate / the ion poured in into the ground substrate expands, or / for example, in temperature up 
process, / it ] is caused. And rather than changes of state, such as thermal expansion of a ground 
substrate, these changes of state are boiled markedly and discovered as a big change of state. 
[0022] For this reason, when the above-mentioned ground substrate which carried out the ion 
implantation is used as a crystal-growth substrate, in crystal-growth temperature, rising-and-falling^ 
temperature process, etc., partial fracture of a ground substrate breaks out bordering on the above- 
mentioned ion-implantation layer. Finally these ground substrates are divided into the thin film section 
by the side of an ion-implantation side, and the original principal part. Therefore, since the substrate 
(thin film section) is separated partially very thinly, the stress based on a lattice constant difference 
hardly acts on the semiconducting crystal of the purpose which grew on this thin film section. For this 
reason, the target semiconducting crystal becomes the good thing which was excellent in crystallinity 
conventionally. 

[0023] furthermore, the stress based on the coefFicient-of-thermal-expansion difference of the 
semiconducting crystal of the purpose which grew on this thin film section also in the temperature fall 
process after a crystal growth since the substrate (thin film section) was separated partially very thinly: 
and a ground substrate — temperature fall process — it separates into the thin film section by the sid€ 
of an ion-implantation side, and the original principal part bordering on an ion-implantation layer in early 
stages comparatively For this reason, the stress based on a coefficient-of-thermal-expansion 
difference hardly acts on the semiconducting crystal of the purpose which grew on the thin film section 
and this thin film section after it. By these operations, if the means of this invention is used, there is no 
crack and the density of transposition can obtain the semiconducting crystal of low high quality. 
[0024] In addition, the depth (depth [ of the maximum density ] h) of the ion to pour in has the thinner 
desirable one, and its less than 20 micrometers are more desirable than the thickness of the target 
semiconducting crystal as a general absolute standard. If this thickness is too thick, the above- 
mentioned stress will not fully be eased. 

[0025] Moreover, as a material of the above-mentioned ground substrate, the material of a well-known 
crystal-growth substrate is effective. For example, silicon (Si), sapphire (aluminum 203), carbonization 
silicon (SiC), A gallium arsenide (GaAs), a zinc oxide (ZnO), oxidization gallium neodymium (NdGa03), an 
oxidization gallium lithium (LiGa02) Or the above-mentioned operation and effect can be acquired about 
the crystal growth using aluminum-oxide magnesium (MgAI 204) etc. as a crystal-growth substrate (the 
above-mentioned ground substrate). 
[0026] 

[Embodiments of the Invention] Hereafter, this invention is explained based on a concrete example. 
However, this invention is not limited to the example shown below. 

(1) To the production Si (11 1) substrate (ground substrate) of an ion-implantation substrate (ground 
substrate), it is 1x1016-/cm2 about a hydrogen ion (H+) at abbreviation ordinary temperature. By the 
dose, it pours in with the energy of acceleration voltage 1 0keV ( drawing 1 (a)). 

[0027] Drawing 2 is the graph which illustrated the number of pouring ion to the depth into which the ion 
at this time is poured (density). A high ion-implantation layer is locally formed [ the depth from a front 
face (ion-implantation side) ] in the place around 1 0Onm for ion density by this ion implantation so that 
this drawing 2 may also show. 

[0028] (2) Carry out the following crystal growths in an organometallic compound vapor growth (the 
MOVPE method) after that [ GaN/Si crystal-growth ]. That is, about 300nm first grows the buffer layer 
20 which consists of AIGaN at about 1100 degrees 0 on the ion-implantation side of the above- 
mentioned Si substrate (ground substrate) 10, and about 200 micrometers grows further the gallium- 
nitride (GaN) layer 30 which is the target semiconducting crystal at 1050 degrees 0 on it ( drawing 1 
(b)). In the temperature up process in front of this crystal growth, the above-mentioned Si substrate 1 0 
is partially fractured bordering on the above-mentioned ion-implantation layer located before and after 
h= lOOnm. and, finally is separated into the thin film section 1 1 of about lOOnm of thickness, and the 
principal part of the Si substrate 10 from the front face (ion-implantation side) in the temperature fall 
process after growth. 

[0029] By the manufacture method of the above semiconducting crystal, the single crystal of the gallium 
nitride (GaN) without a crack which was excellent in crystallinity conventionally can be obtained. 
Therefore, if such a good single crystal is used as a part of semiconductor light emitting devices, such 
as for example, a crystal-growth substrate, it will become luminous efficiency is high or possible 
[ manufacturing semiconductor products with which driver voltage was suppressed conventionally, such 
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as a quality semiconductor light emitting device and a semiconductor photo detector. ]. or easy. 
Moreover, if such a good single crystal is used, not only a light-corpuscle child but manufacture of the 
so-called semiconductor electronic devices, such as a semiconductor RF element which operates to a 
pressure-resistant high semiconductor power element and pressure-resistant high frequency, can be 
made possible or easy. 

[0030] Hereafter, it is independently attached and illustrated as the above-mentioned example in the 
range in which deformation of the operation gestalt of this invention is possible. However, thes 
deformation is applicable also to the above-mentioned example, respectively. 

[0031] For example, in the above-mentioned example, although the organometallic compound vapor 
growth (the MOVPE method) was used, the crystal growth of this invention can be carried out by th 
hydride vapor growth (the HVPE method) etc. Moreover, even if it uses (helium+) instead of a hydrogen 
ion (H+), the above-mentioned example, and the same same operation and effect as abbreviation can b< 
acquired. 

[0032] Moreover, although the dose of a hydrogen ion is dependent on the quality of the material of a 
ground substrate etc.. it is effective in the range of 1x1015 [/cm2] - 1x1020[ / cm2] in general, and cai 
acquire the same operation and effect as the above and abbreviation under this condition. It is mor 
desirable. 3x1015 to 1x1017 [/cm2] grade is at best still more desirable, and the dose of a hydrogen ion 
has 8x1015 - good 2x1016 [/cm2] grade. If a dose is chosen as a suitable amount, it is also possible to 
separate the thin film section and the principal part of a ground substrate in crystal-growth process. 
[0033] Moreover, if this value is too small, it will become difficult to make the thin film section separate 
from a ground substrate certainly, moreover — if this value is too large — the damage to the thin film 
section — large ^ becoming — a ground substrate to the thin film section — abbreviation — it 
becomes difficult to make it separate into the configuration finely connected by uniform thickness 
[0034] Moreover, it is also possible to control the thickness of the thin film section separated from a 
ground substrate by making incidence energy adjustable. The measurement result of the depth (depth 
[ of the maximum density ] h) in which the ion to the pouring energy of ion is poured into drawing 3 is 
illustrated. For example, the depth (depth [ of the maximum density ] h) in which ion is poured into this 
appearance can control the thickness of the thin film section suitably by adjusting incidence energy 
(acceleration voltage) to the pouring energy of ion, since it carries out proportionally [ abbreviation ]. 
[0035] Moreover, while forming the partial fracture section (void) in an ion-implantation layer beforehand 
by heat-treating before the crystal-growth start after an ion implantation, the crystallinity of the ion- 
implantation section of a ground substrate which received the damage by ion irradiation can be 
recovered. Moreover, thereby, the crystallinity of the semiconductor which grows on it can be raised. 
[0036] Moreover, the thickness of the thin film section has desirable 20 micrometers or less. The tensile 
stress to the target semiconducting crystal is eased, and the generating density of transposition or a 
crack decreases, so that this thickness is thin. Therefore, it is more desirable. 2 micrometers or less are 
at best still more desirable, and the thickness of the thin film section has good 200nm or less. What is 
necessary is just to adjust the pouring energy (acceleration voltage) of ion according to above- 
mentioned drawing 3 etc. so that the peak of the number of pouring ion may become the depth of this 
level in order to realize these values. However, if an ion-implantation layer becomes thick, since it will 
be hard coming to control the thickness of the thin film section, ion-implantation layer thickness etc. 
takes cautions. 

[0037] Although ion-implantation layer thickness cannot be defined strictly, the hall^value width to the 
peak value of the number of pouring ion of drawing 2 etc. may become one standard, for example. It 
becomes easy to control the thickness of the above-mentioned thin film section, so that this ion- 
implantation layer thickness is made thin. Therefore, meanses, such as maintaining the pouring energy 
(acceleration voltage) of ion at constant value as much as possible, become effective, when controlling 
the thickness of the thin film section correctly. 

[0038] Moreover, as for the thickness of a semiconducting crystal to carry out a crystal growth, 
relatively, it is desirable to carry out to more than abbreviation equivalent with the thickness of the thin 
film section, the stress to a desired semiconducting crystal eases by such setup — having — being 
easy — it becomes possible to suppress generating of transposition or a crack more sharply than 
before This stress Moreover, this stress 

[0039] In addition, this invention does not have a special limit in the kind (quality of the material) of 
semiconducting crystal of a ground substrate or the purpose, and can be applied to hetero-epitaxial 
growth of well-known or arbitrary kinds including the arbitrary combination of the above-mentioned 
ground substrate and each material of a semiconducting crystal. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical cross section of the semiconductor concerning the example of this invention. 
[Drawing 2] The graph which illustrates the number of pouring ion to the depth into which ion is poured 

(density). 

[Drawing 3] The graph which illustrates the depth (depth [ of the maximum density ] h) into which the 
ion to the pouring energy of ion is poured. 

[Drawing 4] The typical cross section which illustrates the crystal-growth state of the conventional 
semiconducting crystal. 
[Description of Notations] 

10 — Ground Substrate 

1 1 — Thin Film Section Separated from Ground Substrate 
20 — Buffer Layer 

30 — The Target Semiconducting Crystal 



[Translation done.] 
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(«!*#si ) immmmm^mLtiz^mth, m 

USA 1 GaN, A 1 N, GaN, ^V^Ji. A 1 Ga I 

nN^cT) ui^im^ii^^fSii^x^m^'tx . 

[00043 (m^^2) Bff}t-th^i^^^izt^ 

mtii. mm^mit^v^M. (GaN) ^awc^j 
i|i#«ci^fBi:-rsj^^t=«i. mt'^o^y ( s i c > 

[00051 

[^^3!i*jii^Li a b-r^wmi 

[0 0061 L*^L^*^'^>, ^'?•y7TS$:fflV^T^>. S 

w}<o^^iim^BbmsLb<nwnz±t^mMi+i^i>ziim 

SiT#=3:v->. fill*), ±fe<^^=0:'''^>y7rJi(i^*<7)— ^ 

mtii. ■^yr^^msikizmit:^*) 

T^i. (GaN) *M^^*Sii:^ll^^t-t±. GaNiSS 
[00071 ii/c, SWO^i*i!SatjSv^t&?-^S- 

;ib(mL<. is&^^Ubcmmmzii^^j: o 

^^^«0XP(S*^gWo4^-^*MB^B (S-fk^U'^i*®) iz^ 

[00081 ±M<^mmi:tm'ri>rzMz^ 

[00091 
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coo 1 0] t^. m2cr>^mii. ±Mi<7)micr>^mz 

[00 1 1] 47t. ^BO^SIi. ±ie«0||lXJ4ll2 
0#SJC:*3V^T. ^B^Bfi£*ffi3&^'^> 2 0 At mmrtc7)8g$ 

[00 12] 4^. ^4<^)#g{±. ±IB<7)l?lBMIg3 

Tiam^^y (H* ) . X{4^U'>A-^^y (He* ) Sr 

[0013] 4!t. mSiO^Sti. Jie«^lll7!;Slg4 

■r5^fil[ffiaS0<oaA*2: r 1 X 1 015 f/cm^ D ~ 
1X10" C/cvfi ] J lz-ti>^b-Chi>. 

[00 14] mec^^mii. ±B(omi7bm.m5 

LT. i^yni^ (Si ) , -9-7r-fr (AI2 O3 ) . 

etiti^vzjy (s ic) , at"ft:;<ru';^A (GaAs > . 

( Z n O ) , U •^r i^'A ( N d G a 

O3 ) , mitA'O^J^Oi-^J^ {LiGaOt ) Xii. 
St-fkT^PS— (MgAl2 O4 ) 

[0015] tfz. mico^^ii, ±fi(r>mijbm.me 
c7)Mti3&»ioo^s(cj3v^-c. iMio^mmmi: m 

[00 16]fcfc't, iC-C#3 r Ul^im^'^ 

wmik^^ -mz\t. 27C. 37C. x{±47c<7) TA 1, 

Gay In(i.,-,, N(0^xgl, O^y^l. 0^ 
X + y g 1 ) J jacS-^5^^^Sn«.ffScoS^Bifc<0^ 

t V ^gJScT)^*^ L < {4ii'-»0 p ^\i n S<^^ 

^\^\i37x3k(r) r iii]^'fl:!B!ii^'ft-^!|%^«sj 
-g-. A 1 N. GaN. I nN-^. ^VM4, ffSX(4®^ 
^r^flJtcOA 1 GaN. A 1 I nN. Gal nN^{4g 

[00 17] tn:, IgJc:, ±fB<7) lIlgeTC^ (Al . G 
a, I n) <0|^<7)-a5^^o>' (B) ^rJ'U'^A (T 

1 ) mx-mmLtz o . ^i^-^Ji. ( n > cd-^?: u >- 
(p) -^Bts (As) , ryf-^y (Sb) . fxvx 



tz. ±M<r>pm.<D^miitLxii. mm. v^^^-i^^^ 

A (Mg ) WL^y\t:^tVi^^M. { C a ) ^^t^irfS 

i^u^^' (s i ) j^m (s) . -tri^^ (s 

e ) . (Te ) . ^V^I4>-VP'73^'>A (Ge ) ^ 

mc27c^JJU:^^nLTi>^v^Ls Pli^l::piM ( pM 
[0018] ii8c^#g{i. ueoig 1 Jbmil7 

<^)Mn*>lOi0^S(C:*5V^T. ^:^y<7)^m:. 

[0019] t.tz. m9<;^mt. ^fmifmtm'f-i.zii 

v>-C, iJB«0lli;b^8t0Mix*»lo(7)#S(;J;^T 

[ 0 0 2 0 ] 4^^. Ill o<r>^mi. ±ie^7)^ 1 

[0021] 

affi (^^ySAffi) <r>±m<<z^->x . -(:^y<r)MjSM, 
&^m-i^^i^tL. ^<r>tmmi±t:—^m^xii. 
^yi}(mx^ti^TmmL<^m (^^y^m 
(>(r>M^i>«&-'^izmn^tt^. w-h. zcT^m^^^y 

aAt^Aixtf. ^y^m^^Mi>-m<^j:hm^ (fc*c?i? 
.S<7)ai?;&h) {±±iacojaaf«fftciB&Jt:0!IL. CKO-f^^ 

mxm<o^mizhti'yXv^iskb^?>. iHT. ^isckm 
mcou^ h J jsm). -1 :fy^mti^mmmzm< 

^$ti^c-f:t:^<4. mx.im^,^izi5\^^xm^Ltz 

[0022] Z<Oi:Hib. >f:t>'^Lfe-h^<OT«lfflR 
^^B^B^^S^i: LTfflV^^cJ^, Sb^«^WI^ 

izii>( :^ymxmm<r)mm^t7m<r>±mu t iz^mt 

^. Ltzti^^x. ^cr>mjm±izi^&LtiEm(^^^ii!^ 
m^Bi>zii. mm m^m ti^n^^zm<^-!rfmizj/^m^ 
ttx^^hfzMz, m^^mMizm-^<m:f}^'^^t'i^mL 

[0023] mz. m^B^^k<o^iM>Mmzii\,^x . 
mm ms^^) m¥^i,zm<&i^mzj^m^tix\^^fz 
tbiz. :i</)mmi±.iz^MUzsmco¥^iifim&tTm 
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$h) ii. @w«o^f^tisac7)i?$j;0t^v^:6-*jas 

[ 0 0 2 5 1 t ±IB<^TJt!!««0««i: LTJi. ^ 

:/ (S i ) . ^yT-(7 (A I2 O3 ) . miti^o^> 
( S i C ) , J&it:^'U '^i-. ( Ga A s ) , K-fkSIS ( Z 
nO) . Sl^l:;yU'>A;^^->'A (NdGaOa ) . K^l: 
ytfO^M.V^^M. (LiGaOz ) XJi. B!-ft:r;l'S- 
^J>.'7^:^i^^J» (MgAlj O4 )^l:M^Bf£**^ 

[00263 

izm&^iii>ijcr,X'ii^^\ 

( 1 ) ^yr>mxmR (Ttf5»g) <ofm 

SidlDSS? (TflfiS^) iz. B&SffiT'*«^3i-y (H 
* ) ^ 1 X 1 Oi6/cm2 Oh'-Xat'. jSDjiliffil 0 k 
&W<o:i^^fU=3e-X'mX-ti> mi (a) ) . 
[ 0 0 2 7 3 02 {4. z<rm(^-( ^yibii^^tl?>^^ 

izm-?>^^:ty^(^m) ^m^Lfzyyyxh 
^. *02*>^>t,¥<ii.«i-. ^(o^^fym.tzx'o. m 

m (-f3r>^®) 3EP<^>oai:$*«10 0nm|«i^Bf 

-5. 

[0028] (2) GaN/S iieaBfe^R 

^<m. rnm^it^m^oiRm (movpe^) 

i»K (Tifi««) 1 o<o^ ^ym^mnz. mi 10 

0X:-C-A 1 GaNi 0^-l»'^'>y 7r«2 0Sr*«j3 0 0 n 
mjii«L, Htw-f-coitc:. 1 0 5 0t:-CSW<O3}i««clS 
aT*>l.g'ff:;*'y'>A (GaN) «30S-|«;200/zm 

^^-fi. (HI (b) ) , ^(Tj^^B^^mcrmiSMmz 
t^v^T, ufifios is^i 0(4. ^<Dm.m (^^T^'aA 

ffi) *>4>h = l OOnmm^fcrfig^SiJE^O'fjry^ 

igglCi3»,^-CMlW«7 1 0 0 n m<^)»|gS5 11 i: S i »K 
1 Oco±^gPi:(c*^$tti., 
[0029] feUb<:oiNSfloga<^iBt*&ti 0 - m: 



(GaN) <r>mm^B^n?>Ztit)<X'^i>. m-^X. Z<7) 

-s^^ja v^^^i x-mm-^ ^amm^m^m^ 

ti^X'^h, 

[00303 ±Mommb\iWdLiiZ. *f|BB<0 

[0031 3 «?»i.iir, ±e<^)iis850yict>v^r (4. wss^ 

JR-ft-^^ffl^ft^ (MOVPE&) ^fflV^;^*^ 

m<mmLmi. H^fflBfe«ffi (hvpe 

(H* ).<OithK)iZ (He* ) ^ffl(,^Tt>, ±^<0|QS 

[0032] jT^O h'-xa{4. TflS^Bic 

<0«S^fct«arr2>**, «fial X 1 015 D - 

1 X 1 029 C/cni2 D c^ffiH(Ci3V>T*3?&T. ClO^fl^ 

J:0MtL<{4. A^m^^y<7)Y-Xm.ii. 3xi 
015-1 X 1 0" C/cb2 D eiSA«B<, Stc:MiL< 
(4, 8X1015—2X1018 C/cmZ D H 

[003 3] tTt. CK^ffi^i/hSjSrSi:. T«6««3{)> 

[0034] i^. Atrx^;Pdi^-Sr^t LT. Tflfi 

{M:km&<r>mh) cDm^m^m 
^•ti>, mm. >( ^yt^WcA^ti^M^ 

h. 

[ 0 0 3 5 ] Syt:. 3r:^^f*<^ilS^«^J6l(rfcfa 

mmm^ imm-^bn^\,z. -i^ymMi 
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[ 0 0 3 6 ] tn:. ^Ma5^0ff$t±. 2 0 jtzmOT*^ 
2Atml.:AT*^'m< . Htca* t<(±2 0 0 ninfejlT**^ 

[0037] 3j-y^Aa<7)»${i. «Sg{;«^gT-t^ 
^:V^*>\ 0!li.{fE2c7)aA'f*>'®<Ot^-^ji{c*rrS 

^ffiiis#^i-p<os3ft:^:o«*. ±m(^ji^<r>m^ 
[ 0 0 3 8 1 . fflj^wt::{i:. sm<r> 

m 



(r)m)mm^t. ^^mm^^^^^imm\,zw<-t 

1 0 0 3 9 1 i^. TiS»«^aW<^^«c^ 

101 ] ^^m(m!&miz^h?,^{^(oim^^mm 
10 - rmmm. 

2 0 - /<^yyrm 

3 0 •■• m(^)^imik 



10 



i i ♦ i 

b 



IS5 



GaN 



30 



-20 



10 



(a) 



(b) 
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[04] 




(72)f|BJ# 



) 4G077 AA03 BEll BE13 BE15 DBOl 
ED06 EE08 TK08 
5F045 M04 AB14 AB40 ACOl AC02 
AC07 AF03 AF07 BBll BB12 
mi CA09 CA13 HA05 HA06 



